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ABSTRACT

The performance o/ the F-104A is superior to the per.

forniance o/ other Century Series Fighters currently in

production.

Low internal lit: capacity severely limits the combat
radius of action. This factor, together uith the large

tvariatious of performance with temperature change, t/e
high speed and high altitude capabilities, all combine to
complicate optimum Utilizationa of the aircraft. Successful

integrations of the F. 104A into the SAGE system is essential
if its maximum potential as an interceptor is to be realized.

The fine handling characteristics in the normal flight
region are offset by an uncontrollable pitch.up at high

angles of attack which increases in severity during ac.
celerated manteuvers. Spin recovery has n?,t be#u# demon.

strated. Charactei istics preceding pitch.up are similar to
those experieuced its the F.101, but result in more violett
maneuvers. It is expected that little or ni eatural warning
will occur at supersonic speeds, and that the high load

factors encountered in a supersonic pitch.up may lead to

loss of bolb aircraft and pilot.
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INTRODUCTION

This report presents the results of th* Phase 1!
Right test of the F.104A, SIN 55-2955. A human
factors evaluation is presented in Appendix 111. The
program was conducted at Edwards Air Force Base,
California, from 27 July 1956 to 23 August 1956.
Flying time amounting to 18 hours was obtained
during 29 flights.
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The F-lU.,A is a single place. light weight, air The test aircraft wits equipped with a "Phase 0"
superiority fighter powered by one General Electric engine. This etigine will be supplanted by a "Phase
J79.GE.3 axial flow turbojet engine with after- II vngine in the Phnse, IV airplane. It is anticipated
burner. The outstanding external features of the that a preliminary report will be distributed during
aircraft are the extremely short wing span. the long, January 1957 comparing performance of the
needle nosed fuselage and a high horizontal stabil. F-lO..A with the two engines.
izer. Int addition to the norm~al wing Rlaps mounted
in the trailing edge of the wing, a three position Control is provided by conventional ailerons, &an
flap has been incorporated in the leading edge of the all-moving stabilizer and flap type rudder. Pitch,
wing. A blowiag type boundary layer control sys- roll, and yaw dampers are provided. The horizontal
tern is incorporated which begins operation after the tail is actuated through a fully irreversible system.
trailing edge flaps have been deflected past the take. Hydraulic pressure is supplied by the engine to two
off position. Speed brakes are mounted on either side hydraulic cylinders. An emergency wind driven
of the aft fuselage. Air intakes areo ID" shaped with turbine is installed to provide hydraulic pressure in
very sharp leading edges, and are cheek-mounted on the event of engine failure. Artificial feel is pro.
the fuselage. The cockpit has an unconvention.&l duced by a preloaded spring and a bobweight. The
side opening canopy. Emergency escape is provided directional control system has a plain flap-type
by downward seat ejection through a hatch just rudder which is actuated by a cable from the rudder
forward of the nose gear. A drag chute is housed in pedals. Rudder boost is not provided. A pr~eloaded
the bottom of the fuselage near the aft end of the centering spring provides artificial feel and & spring
aircraft. loaded centering lock holds the rudder at zero deflec.

The engine was designed to have a high thrust/ tion against airloads when there is no force on the
weight ratio and to deliver 15,40 pounds thrust rudder pedals. The lateral control system consists of
augmented and 10,000 pounds thrust unaugmented flap type outboard ailerons which are actuated by
at standard sea level static conditions. The com. hydraulic cylinders, and is fully irreversible.
prewaor is a 17 stage, 12 to I pressure ratio, single
rotor, axial flow type with the first six stator stags" No external stores were available at the time thewe
variable. The turbine rotor has three stages and is tests were made; consequently, all data in this report
designed for, a turbine inlet temperature of 1700 is representati.,t of the clean airplane only.
degrees Fahrenheit.
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TEST RESULTS: 1'

PERFORMANCE
E c•ckplt *valuallton 8 sltaring, ltaxing, and ground

"The ctctkjat ait trrantglvetit is gutivr.'lly satisf.at'ory. handling

aih toh e•c•lptioan oif thus ITp.p slandessy ibleit)tilst Starting procedure is similar to chat used in other
.ll 'trols land •w it:hesi airte e:asily ac~celehl to thle uCentury Suries Fig•tlers. A start switch must Ile acu.
pilot e•en with the shoulder harness locked. Pilots -tied t alluw starting air It) turnl the engine, and
were favorably, impressed with the logical arrange- t:e throttl is Opened to idle at 13 percen rpm.
ment uf the instrument patel and the etkicient pre. Taxiing chitaracteristics of the F. lt1.4A are satis.
sentation of the control elements. which are well
forward on the console. The dual rear view mirror, fnd:ory, and visibility is p excellenr. Power must beadvanced to 82 percent rpm to initiate t.•i roll to
sinaliar to tht in the F.l01. is quite satisf.actory. It avoid operation in the restricted range of 67 to 82
pruvides bettcr rear visibility than the single en. percent rpm. The throttle is then moved to idle,
tered mirror in the XF.104. The following items are which provides adequate thrust for taxi. Nose wo'heel
tnsatisfactrv:w;

steering, while not as precise as that in the F.lI(, is
I. The circuit breakers reveal a white color at the satisfactory, and secondary directional control with
hasd when "popped" that is similar to the aluminum braking is adequate. The requirement that the
background. This makes it necessary to identify a cockpit air conditioning system he set to "RALM
"!.. iwid'" breaker tom its height compared to sur. AIR" during ground op.ratiuns is unsatisfictory. It
riun••ihg hrelaktrs, is necessary. huwever. to prevent hut air from the

2. The drig chute "T" handle is not easily acCes behat exchanguer from being exhausted into the aft
SI,¢ andr issimilaruto he ehmergsencylanding' gor, 'fuselage section with consequent overheating.•ihhi, and! is similar to the: eme:rge:ncy landingi ge..r

'T'" handle. wshich is adjacent hbu rotated 90 degrees.

3. The mhister caution light i% red but should he a take-off and acoeloration to
am'ber. Also, it is nut bright rniough to attrAct climb schedule
attention in direict sunlight, or even when shaded.
Other lights on the master warning panel are not Exce'ssive brake pedal force is required tu hold the
satisfactorily bright in direct sunlight. .Aircraft with military lu-r and the brakets niust be
4. The. 2.inch accelerometer is unsatisfactory for "pumln.d" sqeral titi.s tit inctrese their uffLecti•,

ees% before the throttle is aadvinced to this ivitrng.The afterhurner is lit after initiation of ground roll.

5. The M.I airs•i.'d.Mach indicatsr is unatisfac. Dirtectional control is maintained with nosw wheel
tory for the usual reasons of poor reaJahility and stc.ring until the rudder becomes effective at 60
congested sc-tle. knots IAS. The aircraft is ruoated at 15( knots IAS,

.ind tkv.off is marde at I",1) knots with either militar)6. It is awkward (or the pilot tu raise the canopy it r m x m 6%p w r h p ee ttr-a p asi)hor maximu,, i.wr The present tir,, arrears to be
the ventilate position when wearing .1 pressure suit.
This conditiom dtos not exist when wearing a flying cr-i(ical during relati~el' long 1aiks.o n rtllr.h '11a
suit, and is cousWd only by the roscrictive nature of trea. rd;ff .ne tir 4 11::int• a 1itsiu ,hen ,
the pressure suit, military puower take.ofT was nia-de in rhctit .ly €n.a1

air.
7. The ctompro5ir inlet temperature gage is dis. 'lh. gvar is r•etrm;a d as sixmn as the aircraft hbe-
played on the lowe:r st-ccion oft the instrunmnt paniel coni's tairluriiv. Rtraution time is fasc, and tiht: rapid
in F-Ill iA's other than the oane tested4. It wits located .iJ4'el4r:Ation• after takv.toflT do not iaj.air Mvl:
next it the airsped.,lath intlivctair in the test air. rutractiom.
tr.af. This is ia desirable location •iint such .a critical ThIe. t.ak.. ill .frap are not retractld hfuare: 2-•l
inlicator hIotlntg in the grastra1 tif flight initruaeni•hs. k-it.t IJAS t pt rvia.lt indlucig stall w.tarniiagl holvIr.
A detatilud evahillivi.tit of the c.mitkpit is pIr•,•witud ;is IhLa ilos.e., tll trim •,htiaiae h ih uiwctrt duaring iI,,p
Ap• aeiim' l Ill ,f this• ~rvlirt. rvarm.tilmit ii, mll, i h iitil ,.
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.1 .ikt...uI 1wloiitc. is .Ic suii graphtical~ly int MILITARY CLIMB PERFIORMANCE
I, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~Alt0 titd I~t ttprltll i~ttii lilta f~j(*~W CLIMB tlME TO CLIMB FUEgL FtW MACN

helow: t. it MIN. MIN. Le MiO. NUIMBIR

A E-PRP R O M N SEA LEVEL 12,100 0 10,400 .820
TA E-F P RF R AN E10.000 10,500 .8 7,900 .650

from 11fod I&& at ffo ltt e.d firsi.d Ttoal fileosoap 20,000 7,900 1.95 5,900 .36
at talieoNf T300 of So fea t 1161 iour 54l f**10~.

boo. khts . Its t. gbttaa1e-.Ot 30,000 4,400 3.6 4,200 .915
MAX. PWR. 170 170 200 2200 3350 40.000 500 - 2,600 .925
MIL. PWR. 170 170 200 I600 7150

N climbMAIU CLM KPW NKAcceleration after take-off with maximum MAIMU1 RT f LM BTM TO C LIBBA E FLOWM MACH
ponvur is vsery rapid. and care mutt he taken not to Ft T Mon. IMi. to No. 1111111441

o%ur~hoto the. ruceonmendLed climb schedule of .915 SEA LEVEL 41.300 04 4,61101 .925
4%ach nimiltlwe. Satisfactory transition to a clinmhing 10.000 35,81110 .30 31,000 .925

,ttitile atntod' ~ olde~ aceeraio a lSg 20,00 21,700 .60 22.600 .925
aho.#.e %~Lich .75 until the desired flight path was 30,000 20,M0 1.05 15.20C .925
intercelpceed. Noen'oal ac.eleratioan is then ri.duced to 40.0 15.700 4.70" 22,000 1.9

Ag i) remtain mit climb schedule. Optintunt clinib 50.000 1,500 7.55" 14,500 1.9
tuchniltitice t m.aitienue oeIIAV ASfr A~ll (en a subsuna 55,0 700 8.75" 11,20 1.9

Oili( 35.1m)U feet.aceederagicn tu Nfach 2.0 at this 'Wolojot lim to "wlwfaeo ts e"emnoad celmb sood" at 35.044 foott.
:oltituck ,eed seapiersisnkc clioib to the desired altitude.
AIthmuigh higher rates of climb may he ednctincd at
1.6 ta I."' Nach nuniter. the supecruinic climb shoiuld 2 level figllh
lx- ntstloe at 2.0) litch number sinect the higher total NMaximoum range is obtained near .9 Mtach at
4 . lrwgy thkehlevjwii t citac jIvetd ittcreatws fltivtovi'%et about 35.0)00 fcut. Power required data at 35,0W) feet
Iiitj va.opahiliicws Intlt peritihs hight.. altitudeis it)o indicitus a recommended cruise speed of .99 Mfach
ru~lvachv dluring /itwil . elimlils. nunibur for a weight of 16.100 pounds. A speed of

Zexeien cpahiliev is omutsanding. (Rcference Fig 9H Nl numbijr was obtained with military power
tiro. 16, e Ali altitude. W, 't,.IXX) fNet istuy lw reached a htattd n egt nilcceeainfo

clitho gh a jernt i firhor tner " blo s ulutc a aeling .W CIl ruise sped is comparatively tow and reaches a
clinilit he afe b r e bl w u" a asctuninim unt at 1.1 Maich ltumber. At speeds above 1.1

feitt. Mmomnt ihmltr oe sqie %ach nuonhber the acceleration increases and a maxi.
Ci~v-tan sltsu i~en¶.bncc ihth cuilitar powe isOX juice mum rate is obtcained at 1.0 to 1.7 Mtach number.

,t.ilec .militreryulis in cm ba t N e.- iw lirt exed ra. n gvfee. At hi he spu accelcration betom es lower al.
thu~l Atriilitcty p wr mayult t. lit d x i to reactind rang.ix though it is still quite rapid at the limiting speed
kx ,t inc .,g.'horotier h l h ligts a notere retahinta 29.ex~ of Mlach 2.0. (Limit imposed by comtpressor inlet

1114t .elcicucle.. Scr~ ivc cuililig vilth nhaxinltuei 3jij%% r te~mperature of .750 degrees Fithrenheit.)
is opoioetlijxgtN) Nuts at 1.9 NMadi nuthiler. Accelvratieins moade at 350M)N. 400,X~) and 05,OOO
0:imdt perfeirmoance is %hojwn in Figures 2 antd 34 and fees aru presntedvi in Figures 10, 11 and 12. A suem-
I% %mmizotari/t.1 in steu fe1 It w iig taltie (ste .e groti, mary of the.%- plots is tabulated for :an acceleration

evigl [i 4.5 I(mi) pouttelsl It viegilltt' %c.1rt: itairt weight oaf 16.7Wf pounds.
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ACCELERATION PERPORMANCE Speed hrake effectiveness is satisf:ictory. Decl.
Mum TIM9 FOUR usto sISt*MCI crttion with speed brtke e7xtension is higher thatn
U0t tMIR M. to. N.M. that ohbtained with the F.100. The slee.l brake switch

1.05 0 0t0 niriste left in the "up" p csition during normal
1.2 .55 150 6 .:ight to prevent the brakes from being "sucked"
1.4 1:15 330 13 open. This condition is unsaItisfactory,
1.6 1.65 520 20.5
1.1 2.20 740 29
2.0 2.15 1120 43 B turning performanoc

40,000 Feet Although the turning capability of the F.-104A
1.05 0 0 0 at subsonic speeds is poor, turning capability at
1. .95 220 10.5 supersonic speeds is outstanding. Data from steady
1.6 2.5 460 32 turns is presented in Figure 13 and from decelerat.1.6 3.2 6W 42 ing turns in Figure 14. A brief summary of both
2.0 4.05 1160 57 types of turn is shown for a weight of 16,000 pounds:

45,000 Feet 1.05 0 0 0 MAXIMUM LOAD PACTORS
1.2 1.7 250 is IN STEADY PLIGHT
1.4 3.5 50 40 aurtust MACH LOA, F*CIon
1.5 4.6 110 56 -- t. .uM001 -_
1.6 5.5 1170 71.5 35,000 1.5 2.7
2.0 .6. 1500 91 35,000 1.7 2,85

It should be pointed out that operation at low 35,000 1.9 2.7

supersonic speeds (below 1.3 Mach) in afterburner 40.000 1.5 2.1
becomes very costly in terms of fuel consumed, as 40,000 1,7 2.25
does acceleration at leu than muximum power. 40,000 1.9 2.15

It beomes virtually impossr"e to fly the air.
plane at constant speed and altitude at supersonic 45,000 1.5 1.7
speeds since the drag and thrust required curves are 45,006 1.7 1.,
nerly parallel. However, supersonic cruise may be 45,000 1.0 1.7
maintained by adjusting -ilticude to kcep Mach num. CHANGE IN HEADING POR LOSS
ber constant. Supersonic cruise data was obtained at IN MACH MUMMER OF .1 DURING
40,000 and 41,000 feet from accelerations and decel. DEKCELERATING TURNS
stations. and is presented in Figure S. It is interest. &eW .*e***s/
ing to note that specific range as Mach 2.0 at (0.000 sLTIrg61 1AC1tW MACH .1 M-CP

fet is only one-fourth that obtained at the recore. 4FT 3 1.5 50

mended cruise speed at 35,000 feetr 40,000 3 1.7 60

40oo 4 1.5 2
' ,40,000 4 1.7 30

S40.000 4 1.9 29
$ 0.000 2 115 39
50,000 2 1.7 44
50,000 2 1.9 41

S5o,ooo 3 1.5 2050,000 1.7 21S50,000 3

50.000 3 1.9 21
55,000 2 1.5 24
55,000 2 1.7 25
55,000 2 1.9 25

4



r descenits LANDINO PRFORNMANCE

d Ng particular d oscent teuchnique w os determtined Tm seod As at TM S wd grw4 tot 11111u40during PhaIse 11 tests. Satisfactory let-down ifrom a%=., Toat'.I M 111 ,%
at auade. Teb~w SwNF Rill Owr SO rtt

Miaximum s1ed at imiaxiniui altitude or from ztxms MS. t1. Oht0t06-,t1". f s•IIMI-ft.

cal he acconiplilehdd by reducinlg power to military. W/raig Chute 142 140 155 2820 5550
The aircraft will ducelerate with decreasing altitude, We/Drag Chute 142 140 155 308Q -
reaching subsonic speed at about 30,0(X) feet, Con. Thee distances could be reduced by improving
scant airspeed descents provide more uniform pitch brake effectiveness, and by reducing the time re-
angles than do constant Mach number descents, and qre for thene to dely in o he that he-
are considered to he more practical. Maximum range qured for the chate to deploy in order that heavywil pobbl I:: icle~dby re~ducing power to idle braking may be applied sooner.
wien subsblynachflight d b reheducndmiing aower toidReliability of the drag chute was unsatisfactory,when subsonic Rlight is reached. and maintaining a Three failures were experienced during the program.

constant glide speed of ahout 24;0 knots IAS. If a
higher rate of descent is desired, the speed brake No dead stick landings or simulated dead stick

can b. ectended or let.down speed incceased. landings were made with the F.104A. An evaluation
of simulated dead stick landings was made in the

* landing XF.104 prior to the Phase 11 program. A hi-', key
Initial approach should be made near 300 knots* of 18,000 feet was required with gear down and

with flaps extended to the take-off position imme. take.off flaps to complete a 360 degree overhead
diaeely before "break". Two features of landing fRap approach. A rate of descent of approximately 10,000
operation are undesirable. First, an objectionable feet per minute can be expected with a dead engine.
lateral trim change occurs with extension of the A speed of 240 knots should be maintained in the
landing flaps, Second, positice selection of take-off landing pattern to allow suffcient maneuvering for
flaps is not provided. The fRaps may be raised inad. flare and touchdown at 190 knots. The pilot has little
vertently to the full up position when making a go margin for error in completing a landing pattern.
around. A wide pattern with power on is made. Even if a successful demonstration of a dead stick
The gear is low~ered on the down wind leg opposite landing is made on Rogers Dry Lake in un F.104A,
the end of the runway at 230 to 250 knots. Airspeed the feasibility of landing on operational airstrips
is held at 220 knots on the base leg until Rlaps are is questionable. Bail-out could be the other alterna.
extended to the landing position. The speed is then tive in tactical use.
allowed to decrease and the final turn completed at
not lest than 190 knots. A speet on final approach * enging I beomance

of 160) knots for a single airplane and 170 knots It was known prior to the initiation of the Phase
for formation flight is recommended. Partial power II tests that the engine in the F.104A did not meet
reduction and speed brake deployment during flare the guarantees in thrust and that specific fuel con.
decelerate the aitcraft to a normal touchdown speed sumptions were higher than design values. In addi.
of 1•5 knots or to 140 knots for a minimum distance tion, other engine deficiencies limit the operational
landing. The nose whel is lowered immediately use of the F.104A.
after touchdown and the drag chute is deplo)'ed.
N:,e whuel steering is engaged ;s the drag chute is a AIe•rburmer Igmislinu and Operatiao: Afterburner
deplo).cd to augmnent the rudder and brakes for lights could not be obtained consistently above
directional control. Heavy braking should not IV 29.000 feet at subsomic speed, and afterburner opera.
attempted until the chute has deployed since the tion wai limited in altitude to .10,000 feet at subsonic
suddun deceleration causd by chute deployment speeds and to 0,.000 feet at 1.7 Mach number during
tends to make the pilot incruase brake Ivdal force zoom clim•s. Above these altitudes compressMr illiet
mire than detsired. pressure was below the minimum required for after.

Landing lirformance was obtained with flaps burner oix.ratitm. The afterburner blew out -,o five
in the landing po~ition and with the houndtary l:ayer occasions during sullers)nic zooms, but did not
control o•wrating. A graphical presentation is m.ade cause compressor stalls. Two ,ubsooic blowoits it
in Iigurv 17 for a weight of I i,0I4M 1wm4ild .ind is approxim.sculy ,10,(M) feuct induced conipresuir stalls
soni.,.irm,Od in the following tAhle, and one engine flameout.
* I1/1 ,qn/, d r0 ,,4 .. * . 1 OwI,/, .J r. F ,. a- I p ddp .0.44, u..In d , .

ri $1' , l t 1,



The control would be more utsful for super.
sonic formation flying if engine speed could be
v"ri.red while in minimum afterburner to provide

S .... r" ,airplane slp•ed control in the extremely wide range

S--" -. between military power and mhiiinmum afterburner.
' " -- Secondary airtlow was controlled by means of

"f >" . . .a test installation. By.pass area was selected munually

,1 . by operating three switches controlling three seg.
ments of slaps. Areas recommended by the con.

"..................tractor, as listed below were used throughout the
S. , .test program.

FLAP POSITION
BY-PASS ANIA A 1 4

0 RPMI Restriction: The "Phase 0" engine cannot be IN.

operated continuously between idle and 82 percent BELOW 1.5 MACH NUMIOR 44 Open Closed Closed

rpm due to a critical harmonic frequency in the ABOVE 1.5 MACH NUMBER 12 Open Ciothed Open

compressor blades. This restriction is particularly 1 Intercept ,Mlisions: Simulated intercept missions,
objectionable during landing. representative of those planned by the Air Defense

* Entgine Coolins: Cooling of the engine during Command, were made. Only maximum power, short

ground operation is unsatisfactory if the cockpit range intercept missions were flown, and the follow.

air conditioner is in operation. This required that ing profile was followed in all cases:

all taxiing 14 done with the temperature control in 1. Maximum power take-off and climb to 35,000

the "RAM AIR" position. feet.

* Throttle Opeation: The force required to move thse 2. Arccleration at 35,000 feet to 1.9 Mach number.

throttle is abnormally high, and no friction control 3. Climbing turn at 1.9 Mach number holding 1.5g

is provided. Friction is so great that metal flakes through 180 degrees.

are ground off the throttle arm during formation 4. Climb and acceleration to Mach 2.0.

Rights when the throttle is used extensively. Gra. . Zoom climb and interception at 63,000 feet.
phite lubrication temporarily corrected the situation (Note: All missions were made without missiles
and reduced the force required to move the throttle, and with the standard internal fuel quantity of
but after 30 minutes of formation flying the lubri. 763 gallons, which resulted in an engine start
cation had worn away. weight of IX,500 pounds.)

A dead band in the throttle position makes The ahovy conditions result in interception at
adjustments in power uncertain. This dead band only 10 miles Iru0m take.off, after an interval of 10
allows afterbuvner operation to continue after the minutes. A considerable improvement in this radius

throttle has been moved from the afterburner detent of intercept may be made, provided more time is
to the military power position, and causes excessive available: First, if military power is used during
throttle movement in formation flying. tace.-off and climb to 35,000) feet. 30 more miles are

Throttling in afterburner does not provide a covered while using 300 pounds less tuel; Sucond.

uniform variation in thrust. Three discontinuities the mission outlined above results in a fuel quantity
are #rv;,I.nt when moving tlh.: :: fr!i:i ,,,;,,. reausisuiiing at intercept ot l(m) pounds. With 200 to
mum afterburner to maximum power, the mott 3R) pousil5 used during descent, the fuel reserve fur
noticeable being when the change is made from landing is considered more than ad,:quate. Bust
sector to uniform burning, cruise slpucd could be maintained following a mili.

The throttle movement in afterhurner is tox tary lx)w4sr climb for a distcnce' of about 70 miles
short. The restricted throttle movement together and the same prohile followed through intercupt.
with the dead band and discontinuities in thrust Sufficient fttAl for de•ncet and cruise back would lie
make adjustment of intermediate lU)WCr settings available to livrmit lahding with a fuel reserve of
virtually imnxssible, anti preclude formatimi flying Jppr1oximiattly Iti0O) l14Uuids. This procudure wouhl

at supersonic spilds. resulc in an intuerept r.idius of If0 omilv%. A further
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increase in radius would be obtained during inter. In order to obtain maximum radius of action, accel.
c€,pts made at lower altitudes. An additional increase eration must be madu at the optimum altitude.
would also result from accelerations at somewhat
higher altitudes, but at the expense of time to inter- Considering the high speeds and altitudes
cept. planned for the F.104A at intercept, its limited en-

The above di.tussion is predicated on standard durance, and variation in performance with ambient
day temperatures. Acceleration performance in par. conditions, an interception must, of necessity, be a
ticular varies widely with ambient temperatures. very precise maneuver. It becomes evident that suc-
The variation in acceleration performance from a cesaful integration of the F-104A into the SAGE
Mach nimber of 1.05 to 2.0 is shown below: system is essential to make the F.104A of value as

VARIATION OF A@OELURATION an interceptor.
IPERNIORMAINGIC AT 31460 OOlRKITWITHOR*ANEMPAT URt 8 00PA sensitive accelerometer becomes essential

WTMEPR TUR during an intercept mission. First, it aids the pilot
10 IKMg 0 KUM in making a transition from acceleration after take-

MOAW VArU AAR, off to the desired climb schedule. Second, it is neces-
S...... ... . sary during a controlled turn to avoid undue errorsTIME - MINUTES LI$ 2.35 4.35 in position. Finally, it should be used d•irng zoom

DISTANCE TRAVELED climbs so they may be made with a minimum loss
- NAUTICAL MILES 30 43 s of energy.

FUEL USED - POUNS 630 1120 ISO0
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RESULTS:
STAILITY AND CONTROL

aU o" 1 eyelet" sva1m 1MUM ALLOW011LE
STATIC FORCE 1`1111The excellent lateral and longitudinai control FRICTION MIL.F47fl(ASI)

systems in the XF-104 have been fairly wolf dupli. FORCE - I.. - L8.

cated in the F.104A. A reduction of force in the SMUON 4 2
later-l control system is desirable to make it match ARUOE 402
the feel system in the longitudinal control. TheRUDR4

Im~i naltrim response is ecsilyslow. Trim Stabilizer force is over the specification limit
roateis sdisfactrl w cnsant at*ha been but i's not considered objectionable. In-flight aileron
ratet s a tin fctdy. breakout forces become higher than those obtained

_# ý - I -on tho ground because of cable binding in the fuse.
%. lag. and are unsatisfactory. Rudder breakout force, ut is qatisfactory although :q! is made high to keep the

rudder from being moved from its neutral position
us discussed under "Directional Control".

U levwel 1111114 handling

Losigiladiessal hakiii,: Dynamic longitudinal stabil-
ity with the pitch damper operating property is
satisfactory at all subsonic speeds, but becomes un.
satisfactory at supersonic speeds. (Reference Figures

' A 23 through 34.) Poor damping as supersonic speedi
may have resulted from insufficient testing by the
contractor to establish san optimum pitch damper

Unsatisfactory damper operation existed gain setting.
throughout most of the program. There weewon Static longitudinal stability is satisfactory in
damper failures in Right. and during approximately spite of the wide cS travel wit)i consumned.
six flights, Improper damper operation produced Very minor trim changes. hardly , , abl* to the
snaking or residual directional oscillations in vary. pilot, occur at low supersonic speeds
ing degrees of amnplitude that were not correctable Maneuvering capabilities are poor at subsonic
by varying the gain settings. Two other test aircraft speeds. (Reference Figures 38 and 39.) Initial buffet
dlown by the Air Force revealed the samne deficiency. occurs at M.g in the power-stpproach conAlpirstion
The dampers Required considerable maintmennce at 200 knots lAS, dictating an unusually wide land.
during the test program. The three axes damper rag pattern. Lack o( M414MnsVerability mnakes combat
system needs to be greatly refined bWore reliable at high subso.'ic speeds inadvisable. Maneuvering
operation can be expected. light capabilities, at supersonic speeds are outstand.

Quantitative stability data was gathered with Ind. Maneuvering Right is characterized by large
all dampers operating, and a qualitative evaluation stick displacement from trim at high load fictors.
was made with the dampers innperacive. The light stick forces are satisfactory and larmat

Control friction was determined in a closed this movemnent with no great exertion. Thewe are
hangar. Plots of surface deflection versus force ate areas In the supersonic Right regime between 35,000
presented in figures 61 through 63, and breakout and 45,000 feet where the maximum load factor is
forces are listed in the following c~able: dictated by limit staiblizer deflection rather than
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limit load factor, pitch-up, or deterioration of direc-
tional staiblity. This is an unsatisfactory condition
and d•es not mneet the requirements of MIL.F.'85
(ASO). Lack of stabilizer effectivenies during take.
off roll limits the now wheel lift.off speed to a mini-
mum of WO knots [AS with maximum stabilizer
deflection. This condition is not considered serious
with the existing %:g at take-off. The recommended
addition of internal fuel and resulting forward cS
travel, however, would probably provide unsatis-
factory stabilizer effectiveness.

Longitudinal trim changes are generally small,
as indicated in the following table. None are con.
sidered large enough to be objectionable.

INITIAL TRIM COMITIONS GlM*MItl1 PUCEM
co.mmla11Urmu as Arm COWSMuaNa111

ULTITUIIU - ff. lAS -ISM 60AN FLAKS POWE ClIE COWUTINT cuam,
10,0010 2" Owa up FIR to TO Aud*
16.001 250 Owan T PL1 Willss I i 1"10.000 170 lOs. TO KF f0" S:od-
15,000 230 IOwn TO TO asuoýwp A/C -

2OO 35 Up V 016 Me "a

A nose up trim change results (rum speed brake accelerated Night at a we i. 'f 15,000 pounds with
deployment at speeds less than 1.75 Mach number. a center of• gravity of 1 i . t MAC.
A transition to a nose down trim change occurs at
LARS Mach number with no noticeable trim change am FURP Ji611 40 INITIAL LATERAL
between 1.75 and 1.85 Mach number. ... IIANUIln

Up up 25510l Pilfb.Up Cber.aritrstirs: In general, the handling Towa o 15
characteristics of the aircaft are excellent, but are OWN Lad~la 14
offwt hy pitcuh.up characteristics which are is serious Iowa! i I'.
or worse than those exh-bited by the E.101. Al. "94t.
though no pitch.ups were made during these testz. No pitch.ups have been made on an F.104A, but
characteristics preceding a pitch.up were explohrd those made with the XF.104 were uncontrollable,
for several nlight conditions at subsonic speeds. As becoming much more violent during accelerated
pitch.up is approached at .9 Match number and be- flight. No pitch-ups have been encountered at super.
low, huffer Ns enrenntererf followcd by a noticcallal sonic speed, but it is predicted that very little or no
lateral instability. This characteristic is the same warning will exist, and that the resulting load fac.
during hoth unaccelerated and accelerated flight. Al. tors at the higher inlicated airspeeds may be high
though this buffet and ýnsca•hility would appear to enough :o destroy the airplane. An automatic pitch
cnsltitute auiecUlate warning it is felt that pilots wall control has been installed in all F.10,'s which is
maneuver in buffet becau"e of the wide buffet region designed to push forward on the stick in the event
and low lo.d factors available it suhionic speeds, :)f an impending pitch-up- however, the device has
and in effect hlv nntJral warning of pitch.up. The nut been developed to the point where consistently
S1eeds listed Ielow wera dterlnined. from un. satasfactury operation may be expected, and insuffi.
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cient Right data has been pthered to set an optimum Imposed during these tesS pendiig It Complete inur.
boundary to provide a minimum loss of maneuver. tial coupling investigation. Laterail .ontrnl in the
ability. clean configuration does not meet thu MIIL.P-87$5

a Dirrctiondl Stability: Tests for directional stability (ASG) requirement tor changing bnnk angle 100

indicated satisfactory results to a Mach number of degrees in one second after applicatiun of lateral

1.90; however, all tests at high Mach number were control force. ( A bank angle of about .10 degrees
was obtained after one second at .0,.)00 feet attrecontractor indt ces deterioration in directional Mach number of both .9 and 1.9.) Full ailerun

staeicontacto indicates M ach dbetratio, brecm i onalt pdeflection was permitted in the landing confgura.
stability at high Mach numbers, becoming more pro ation and satisfactory roll rates were obtained. Very
nounced as angle of sttack is increased. With the
yaw damper inoperative the aircraft is safe for Right little adverse yaw resulted from 3 olls made in the

but is tactically unusable. clean configuration through 360 degrees. It should

The unboosted rudder control does not allow be noted that all rolls were made with IS entry;

the piloa to move the rudder surface by an apprec-. adverme yaw is expected to increase with less than i1

able amount except at low speed. At supersonic •try at cruise speeds and above.
speeds the F-104A is essentially a two-control air.
plane. Sideslip characteristic at low speed are satis. Goo@st5aoor developmset
factory and no undesirable characteristics were noted program
with full rudder pedal deflection throughout the At this time the test aircraft inventory (com-
speed range. It was found best to Ily with feet off prised of the first 35 airplanes) are in various stages
the rudder pedals at cruise speeds and above to pre. of acceptance flying, instrumentation and manufac-
vent inadvertently moving the rudder out of lock ture. The following items were installed on the
and allowing it to counteract consequent yaw Phase If test aircraft, but availability on other USAF
damper action by flostin; in the opposite direction, test aircraft is questionable:
The rudder lock develops play after a few flights. I. Engine by-pass air flap selection.
Periodic adjustment was necessary throughout the
test program to prevent rudder flost with consequent 2. Boundary layer control.
yaw damper action. This condition is unsatisfactory. 3. Lateral control with reduced friction.

a Lalerd Stability; A limit of one-half maximum 4. SymmetriCal speed brake operation.
aileron deflection in the clean configuration was 5. Firewvll kit and three.bottle oxygen supply.

I,
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Certain deficiencies, discussed below, were "rip "1".,,. No tip tanks have been flown on the
known to exist when Phase II test were iniio•i.w . F.10,4A to date. It is expected that tip tanks will be
Emphasis has been placed on correcting thwes delt- avail:ihlv prior to the scheduled delivery date of the
ciencies on production aircraft alluciatmd to the Air first production aircraft.
Defense Command (article 36 and sub squuna), but

umtdiflcation of USAF test aircraft has not heen a Pyl.on Taiks: Since it was learned that pylon tanks
platned by the contractor. Delivery date of the first will he required in conjunction with project Red
production aircraft is scheduled for March 1957. Dog. there have been tepeated delays in the negotia.

U I'eNtral Fin: This fix is proposed to imprtue d;rec, tions between WSPO and the contractor. The con.
tional stchility of the aircraft under critical flight tractor has just now received approval ,-W design and
conditions. The production plastic version, housing is searching for a vendor. It is estim .ted that these
antenna equipment. is proposed fur the first tactical tanks will be available no earlier than January 1958.
aircraft. Until tested, the worth of this item remains
questionable. a Spin Trost: Contractor spin tests have been delayed.

a Auto Pitch Control: The opti m se g It yThere is a requirement for spin information from

to be determined, Present contractor estimate of I contractor flight tests before the delivery of the air,

December 19%6 for an acceptable fix is felt to be craft to the Air Force. The contractor is further de-

unduly optimistic. laying his spin tesa with WSPO approval by chang-
ing the schedule of flight test. After sevnal IS pitch.

a Aile ron Stlps: Aileron throw will be restricted by ups have been made and it is determined that the
aileron stops to approximately one-half maximum aircraft is not prune to spin from unaccelerated
tra'el in the clean configuration. Inertial coupling flight, the No. 3 aircraft will be diverted to an "auto
tests will evnctually determine the allowable aileron pitch control" program. This program is inadequate
deflection, in that it will not provide early information on spin

8 .1i~ilr Launi'brrs: The acquirement of missile characteristics and characteristics of pitch.up in
launchers fur the test aircraft is expected to be late high.speed accelerated dight. For this reason it is
becau.t of the chantge in mission for the F.IOiA in desirahle that the No. 3 aircraft be used for spin
April 1956. It is unknown w'hen testing will start on mtis immediately and the other aircraft which are
missile firing and what organivation will conduct available he used for development of the auto pitch
the tist program, control device.

It



CONCLUSIONS
m ++ "; +' • # + •.i . . I -,. - 1,

Pe-formance of the F. 104A is outstanding. Time to

climb from brake release to 35.000 feet is approximately
2.5 minutes. Acceleration is rapid above 1.3 Mach num-

bIer and excess thrust is stilt available at the limit speed

of 2.0 Mach number. A service ceiling of about 55,000

feet is attained with maximum power at 1.9 Mach number

and zoom climb may be made to much higher altitudes.

A maximum of 70,000 feet may be reached, even with the

afterburner blowing out at 65,000 feet. Turning cap-

ability at supersonic speed is excellent, but at sub-onic

spued the turning capability bicom*s poor and is suitable

only for non.combat operations. Maneuverability is re-
stricted at supersonic speeds between 35,000 and 45,4)0)0

(act by the lack of stabilizer effcctivences. A further loss

in maneuverability will result from the proposed addition

of internal fuel and resulting forward cg travel. Also,

stabilizer effctcivunvss may lIc•omlv ui•t.uitfactiry at take-

12



off with additional internal fuel at the existing limit

stabilizer deflection.

One of the most serious deficiencies in the aircraft is its

limited combat radius. There is a critical need for an
increase in thrust and a decrease in specific fuel con.
sumption which will reduce the fuel required to accelerate.
and for additional internal fuel. A considerable increase
in thrust will be required to retain satisfactory performance
in the supersonic region when external stores are added

to the aircraft.
. Interception with the F.104A demands a very precise

maneuver. Successful integration of the F-104A into
the SAGE system is essential to make it of value as an

interceptor.

The fine handling characteristics in the normal Right
region are offset by an uncontrollable pitch-up at high
angles of attack which increases in severity during ac.
celerated maneuvers. Characteristics preceding and dur.
ing pitch.up are similar to those experienced in the F.1Ol.
but result in more violent maneuvers. It is expectcý.; that

little or no warning will occur at supersonic speeds and
that the high load factors encountered may lead to de-

struction of the aircraft.
In addition, it is expected that inertial coupling char.

acterivtics at load factors of less than Ig, and directional

stability near limit speed at high angles of attack will be
unsatisfactory. This is concluded from studies made by
the cointractur in areas whaah ware trubtrit•ud during Phl.&

II tests and where very little flight testing has been accom-
plished by the contractor.

Rolling performanie is. una:cceptable at all speeds in

the clean configur~ation with thu existing limit of one.half

of maximumn aileron deflection.

l)amjwr operation must be made more reliable to in-
sur:t tiscta.ll tuftulnlCS.

13



* :;RECOMMENDATIONS

It is recommended that: b. Providing a smoother and more precise selec.
I. The following items be completed before the tion of afterburner power.
airplane is released for tactical use: c. Providing main engine power control in the

a. Pitch-up boundary investigation and con. minimum afterburner position.
sequent development of the automatic pitch control. J. Reducing throttle friction.

b. Spin tests. 7. The three axes damper system be improved by:
c. Dead stick landings. a. Optimizing the gain settings, and increasing
d. Determination of directionhl stability char. pitch damper effectiveness if longitudinal damping

actsristics at high speed. remains unsatisfactory.
e. Thorough investigation of inertial coupling b. Improving system reliability.

characteristics. c. Establishing more efricient trouble shooting
2. The combat radius of action be increased byt procedures.

a. Increasing engine thrust and decreasing 8. Improve stabilizer effectiveness so that:
specific fuel consumption to meet original guarata- a. Maneuvering flight capabilities will not be
cea limited by stabilizer deflection.

b. Increasing the internal fuel supply to a maxi. b. Satisfactory nose wheel lift off speeds are
mum. maintained with the addition of internal fuel and
3. Rolling performance be increased to provide a external stores.
minimum response of 100 degrees change in bank 9. The lateral control breakout force and force gra.
angle in one recond in the clean configuration at dient be decreased to the e*tent that it is compatible
cruise speeds and above. with the longitudinal control.
4. The following engine refinenents be madte: 10. Wheel brake effectiveness be increased.

a. Remove restriction on engine rpm at low It. Tire strength be increased.
speeds. 12. Drag chute reliability be improved and time

b. Remove restriction on ground operation for deployment reduced.
with cabin Air conditioning operating. I1. A sensitive accelerometer 3 inches in diameter

c. Make the engine air by.pass Map operation be installed in plaice of the second heading indication
Automatic. on the left side of the instrument panel.

d. Install compresso inlet temperature gage i.I. The tenden-y for the rudder lock to develop
next to the airspeed indicator in all aircraft. Improve play in a relatively short number of flights be elim.
th accuracy of the temperature pick.up and pro. inmated.
gram the warning light to flash 10 degrees ahead of IS. The longitudinal trim response be increased by
the critical temperature. 100 percent.
5. Afterburner operation be improved to:

a. Permit a ,onre pbitive ignition procedure 16. The lateral trim change that occurs with exten.and Permintras susonic ignition reriobilit duupo sion of the flaps from take.off to landing positionand i nm-ra we subsonic ignition rviiability up to b l m n t d
.19,0(0 feet. be eliminat.d.

b. Extend afterburner blowout boundary to in. 17. The flap selector be modified to require out.
clude subsonic speeds up to 50.0U0 feet and super. board movement when going from the take.oll posi.
sonic speeqds up to 75,0(X) feet. tiat to the landing poition.
6. Throttle cointrol of the engine be improved by: 18. The brightness of lights an the matter warning

a. Eliminating the dad h)and in the throttle panel, he incre4..d and the color of the master
control. caution light he changed from red to amber.

14
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19. The site of the drag chute handle he increased 6. The emergency escape data provided to the pilot
and the handle extended an additional inch from in the emergency procedure section of the proposed
the instrument panel, handbook should be expanded to include more detail
20. The circuit breakers be colored to) reveal a red data on potential safe ejection areas, critical times,
color on the stem when a breaker hits "popped". etc.
21. A new GFE airspeed indicator be develuped. 7. Improved integr---d oxygen equipment and the
22. The need for Ilaving the speed brake switch in seat cushion survival kit assembly should be incor.
the "up" position during normal flight he elim. porated as sonn as possible.
inated.
23. Items discussed ui.der "Contractor Develop. 8. Location of oxygen hose should be such that
ment Program" be installed in test aircraft in ca.ms minimum clutter occurs on the body of the pilot.
where these items become essential in making an 9. The landing Seur down lock override should be
adeqvrce evaluation, located or re-designed so as to preclude interference

The following recommendations are based on from panel structure.
information presented in Applndix Il1.
I. Emphasize accelerated development of the Model 10. The manually activated controls on the forward
"D" seat which on the basis of scale testing indicates instrument panel which include manual Sear reletse,
a potential capability of providing for successful turbina extension, pylon tank jettison, and tip tank
emergency escape over a greater portion of the per. jettison should be identified with colors symbolizing
formance range of this aircraft. emergency controls. This is also true of the manual
2. Modify standardized warning streamer require, hatch release.
ments for seat initiator safety pins to allow the i;...i ii. Determine the feasibility of interchsnging the
to be placed over the stick. Radio A ,gnetic Indicator with a V-8 or similar type
3. Provide an improved parachute support to he ettable dial moving pointer indicator.
utilized with the MC.I aircraft cushion which will

effectively remove parachute weight from the shoul. 12. Provide a snap up card holder to hold index
ders of the pilot, charts of frequencies assigned to the UHF channels.
4. Remove the adjustmenc mechanism for the lap This should be located so as to be legible and acces.
belt tie down strop from its present position below sible to the pilot.
the seat pan and install a simple buckle adjustment 13. Identify switch guards on alternators, fuel tank
similar to that utilized on the shoulder harness. This jettison controls, and the stability auganentation con.
arrangument will make the adjustment rcadi!" av'til. trol panel with word m.irking; "n rh,, 4wi;rh env#,rq
able ti) the pilot abave the level of the seat pan. proper.
Strap ends may then be firmly attached to the seat 14. Provide storage irea for maps or reference data
proper. readily available to the pilot.
5. Althuugh unusual structural and canopy opening 1r i alable poite pilo nt
features are present in this aircraft the addition of am. molor.code prime radar control switche on the
external canopy release mechanism to the left side armament panel s an aid for distinguishingv fulc.
of the fuselage should he given consideration. Ex. tions involved.
turnal canopy release instructions should he von 1,ha. 16. Evaluate the requirement for an air source as
sizvd with mere attcntion.divertini markings and rotiuired for the ventilating garment component of
colurs. the anti.esv1w-stre suit amembly.

IS



This appet.ix includes a descriptio, of the ,meth,1s
euployed in redsici.q the test datm to standard conditio$.s
The followaing references hare beenr used andi will be men.
t1oned dnring the iliscussion:
1. Air Force Flight Test C¢nter Technical Note R.12.
"Staudardization of Tako/.Of Perfor.ituce Aleasnremnents
for Airplanes".
2. A.F Technical Report Number 627 3, -'Flight Test Eugi.
uerrihng 'atanal".
3. General Electric Report Numeber R55AGT400, "Esti.
viated Minimum. Performanuce of the General Electric J79
Turbojet EngiNe.

APPENDIX ICI

SOata -Analysi UMethods

Corrections to ground rolls and air distances for
wind velocity were made using equations in refer.
ence 1. Remaining corrections, alho boned on refer.
ence I were made as follows:

s,.) ,,,.
S-., Ft)w/ ,,,

where:

W =: irplane gross weight, ipmunds
a =;Air density ratio

F thrust at mean speed, pounds
subscripts . and , refer to standard and
test conditions.

I level IIlIght

Subsonic power rL'quired data was oabtained in
stahilitud level flight using the constant weight.
pressure ratiu technique. Since nozzle area rumains
constant from an r!m uf AS 1,rcent to nuarmal rated
power at 14M percunt. conventional methods of 'or.
recting dat.a to t;inlhtrd connditiou wure viplyv..d,

16



At military anti afterburning power settings the Temperature corrections were made by using
engine no longer behaved as a simple jet and it plots showing varintion in corrected net thrust with
became necessary to make corrections for variations temperature and converting the thrust correction to
in temperature based on the engine manufacturer's a rate of climb correction through the following

t estimated data. Accelerations with intermediate equation:
afterburner settings were made to limit speed, and %F,V1 60
decelerations with minimum afterburning were ARt/C W
made from lmit speed until a stabilized speed was
apprtoached. Fuel Rlows were corrected to standard wee

temperature using plots of .(wr/8.) versus T.
derived from reference 3. .% T, .AR/C = rate of climb correction for deviation

Values of excess thrust were computed and the in temperature, feet/minute
fuel flows required for "stabilized" level flight de. .AF. = net thrust correction for deviation in

proacined from plots of Awt versus (T.) alco de. temperature, pounds

rived from reference 3. V, = true speed, fet/scond
W =- airplane gross weight, pounds

where: where:Weight corrections were dste:miostd from

wt = fuel flow. pounds/hour equations found in refe.ence 2. Summing the rates
T e. = excesm thrust, pounds of climb corrections and test rate of change of spe.

A,. = compressor inlet pressure/ambient cific energy produces a standard rate of climb at zero
sea level pressure acceleration. Where climbs were made at other than

T. =ambient temperature, K constant true speed the following equation was

Fuel flows were then corrected to a standard weight usd:

by interpolating hetween test values of weight. I dE
pressure ratio on a plot of fuel flow versus Mach W'-
number. IC, I + V d

U ellmtbe X dh
It is convenient to work with the following

equation to find race of change of specific energy where:
at test weight and thrust: R/C, = standard rate of climb, feet/minute

I dIE /T. Vio + I dE=standard rate of change of specific
V dt = N T*. L, 2g / 1- energy, feet/minute

dV.= rate of change of speed with altitude,

(V,. -V, +w 2 -wd +(s.,-H.4Ih" feet/second per foot

/ \] Specific energy was computed in order to find time
where: to climb:

W = airplane gross weight, pounds E V,2

I d E = rate of change of specihc energy, " "g
Wt d feet/minute E/W was then plotted against the reciprocal of the

T., = test ambient temperature, "K rate of change of specific energy, dt Times to
T.. - standard ambient temperature, 'K d -•

.t = difference in time, minutes climb were found by integrating under the curve.
V, = true speed, feet/second It was found necessary to make corrections to

g =acceleration of gravity, 32.16 altimeter readings for lag in Lhe static pressure.
f ee d t/second Lag corrections were determined from the equation:w =- wind speed. fuct/wacnd. (tcailwind + )

if. = calibrated altitude H An,, i. dh
sub-ocripts I and 2 refer to data at times of I and 2. POL =.
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where: Deceleration for turns using load factors higher than
H= altimeter lag, feet maximum for steady conditions was computed from:

S,t. = lag constant at sea level, seconds. I g dE

viscqsity coefficient ratio Vt dt

A. ratio of pressure at altiude to that at Change in heading with loss in Much number was
so level calculated from turning radius and deceleration.

A werd rate of climb, feet/minute

sea level lag constant, ,\g. was determined from 1 landings
a comparison of altitude recorded in the airplane Ground rolls were corrected with the equation:
to that recorded by Askania cameras during maxi-
mum power climb. S ( V, ++V. )I' P., T..

$ = V1. P4. Ta,
• acceleration*

Rate of change of specific energy was found for where:

standard conditions as described under Climbs. This S,. = standard landing distance, feet
was converted to excess thrust by the equation: Si,. = test landing distance, feet

T I dE W V,4 -airspeed at touchdown, feert/.ecnd

W dt V. = component of wind velocity garallel
V4.60 'to runway, feet/second (headwind +)

Correction to air distance for wind velocity was

where: made as for take-offs.

T"., excess thrust, pounds

Time to accelerate wu also computed as for the 8 pitoh and yaw ooraelons
climbs by intesrating under a curve of Errors in indicated angles of attack and sideslip

d s resulted from differences between local airflow overdE the vanes, and free stream air flow. No calibrations
have been made on an F--104A but those made on the

a turn XF.104 produced the following results:
Data was plotted in the form:

L versus £ 6IANL OF ATTACK
91 MTout INS WAVED

ANGLE ANGLE id INO.
where: -- II. -- l. WI TNUE

an = food factor BLW12MC 417
NUMBER 0 -4 3

"Data lot this plot was taken from level accelerations, OVER 1.4 MACN
steady turns. and d!ecelerating turns. Lines of con- NUMBERl 0 -- 2 1.3

scant Mach number were then (aired through the

points Dots for specific conditions was expanded
frcm this plot. Radius of turn was computed from AINLE OF VAX
the equation: TRUE INOICATED

V'3 ANGL ANG6LE d' IN0..

1 1. --3. -- T. d4 TRUEt~~~ nz - Il-: BEILOW 11 MACH ..
NUMBER 0 0 1.71

where- OVER 1.4 MACHR = turning radius, feet NUMIBE 0 0 1.5

leI
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APPENDIX II
c-•4'-) generaI alroraft inaormation

U d11menslone NOSI FLAPS (PIl SoDE),
GINEAL DIMENSONS, Ate. IO0 sq. ft.Moo"cee 11.1 4i.$4.77 ft. 044lft"WA limit _30-

He.i 13.49 ft.
-,21.94 ft. SPI0 IRAKIS:

WINGS Area. sq a!. 8.25 sq. ft.A 0#1600lii 60•
spa 21.94 ft. FUSULAGO|
Ae!Wdretie .... e 2,4S 9~ne r-.09e.h

Ftoepes ratio
Tape eIS 11 0.370 lm m 1$In.

I "a - - ---__ - I0e
Iaddeis, te. snd tip. •..O. HORIZONTAL TAIL:Airfoil sectioe ----- Modifed b-canves Are.. 46.2 sq. ft.

3.4% Ntick Defleetion limit
AILERONSt control + 3 to -- 17

me, Wei 9.46 sq. ft. .rim 2 to - I I
Deflectien. I* VERTICAL TAIL:

A,.., ,etol_ _ 3s. ft.IsTRAILING EDGE FLAPS (PER SIE): Area, rudder. .4.3 sq. ft.A--r1ge 1.511 sq. ft. Rudder deflection- *2Sver 30.2 In. Area, yvw damper.. 1.00 Oq. ft.efltleft imit-- - -450 Yew damper deflestien ......... 20'
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0 weight and ballanoe

W11IGNTt

bell..., oil, mmmd raildusl fuel 13,291 lb.
Pilo1 210 lb.
Fuel (762 tolk"e at 6.5 PeUWd per

VON"e) 4,95.1 lb.
aune" welght o0 ofegle oatoi 181,4111lb.

BALANCA;
T'he graph below shows the mloltleaship be! weeo
ev posille" suew weight.

U Operational i a en* . .-

euisting during Whose toII asoft
V-0 LIAMhT .

C%... sheene 20p @ 9 Mach number Ui

ofem sewd 42 peeweme WkInte deffectle~s

UMIUT SF1101,
Over 440@00 tee 2.0 Mleh mimber ___________________

30,000 "e 1.57 Mech oomber
20,@00@feee..... 1.14 All" umbe, C

10,0010 -et094 Mach numbes#~w#e

LANDWN GUMI EXTINOD, ~ ntu etto

Leaked dowot ..-...... 2*S &*oft AS med 2.09 Test date --- recored by moneen of a phoetvesrewde
WING FLAft IXTINOGD meet an socuunmtophb located In the oelmaotreh coemport-

Is#- is* -- 95 knee. lAS arid 3.09 "eats. 1stuo!Afwod clrl" these to.I s o
300 - 4* - 240 knee, IAS end 2.0, hko

COMPUISSO INLET TUIMDIRATU~fl FWOV@.agcOeU OCILLWRA011D

1314C NNkoee SiebJIoe Poollie
Akrspee Ifthills" WAkowers

CC UMITSt Teshmooleee Left mWd 09Mb o~eat~ wm.,l44.
2 to0M MAC PvooeI. eete.we* Aile... soki #ton

Uube.,, pes 10"po~ew. Rudde. poeltIe.

a power plant Veselotlo vl. .o" enee
ENGINE:~%o wos.hgenhe. Angle of odel.I

Mmeftwfotuvots Gone Uleatnis Uvel 'efteese Angle et book

ENGINE MAVING.oo A~p~kmnl t
Net SM Iwb1ese "WI*smg Wei pee~w.. vow too*

% IIPM Nei Thruet - lb. lb/hrlb. Wu. ; P go wo#e Pleth felt
Mauximum too 15,400 1.972 lkdld,* Wile ne511w
"Mlitery 100 10,000 0,340 Atte~b~swo NO, flow
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MA No th ft- MM

a Introsduction a general evaluation
A limited evaluation of the cockpit design 'Cockpit Acceuuibiitiy: The principle of simplicity

feature of the F.104A was conducted throughouw and accessibility is well illustrated in the F.104A
the Phase 11 Flight Tesm Program. As a result of this cockpit-, particularly when an evauation is made
evaluation thcre have been a number of dekicencies on a comparative basis. Although the full range of
noted varying in degree oi imsportance. Isolastion of pikos sizing we- not encountered during Phase 11
the difficulties was made through pilot comment testing. the pil.... was noea the median in physical
and through indepeindent investigations. The cock. sizie and reportedly experienced no difficulty int
pit evaluation musC of necessity be considered in. reaching all controls with ot without shoulder hat-
complete in that many of the production model ness locked. W' % the eaepioa of a few circuit
instrumntsn and essential conteols, such as the radar breakers all console control panels and essential
an the armament panel, were not installed or util. light controls sre forward of the seat neutral refer-
ized in the Phase It aircraft. This commentary will once point. Similarly, all forward controls and panel
therefore cover two categories of items, I~e., evelu. areas are within emy reaching distance. With one
ation of deficietici'us occurring as a result of stand. minor exceptic that being the snap-up standby
ard installations, and those where a comparison of compass, there should be no difficulties encountered
production aircraft indicates a potential problem as a result of the linear distance of controls from
area beasd on previous Aigos tes experience and the pilot's position~.
principles of human engineering, It should also he
noted that a number of the delkieincies outlined UEmiergency Lseat- System: The F. 104A is presently
below are presently being considered for corrective equipped with - todel 8.2 type ejection uset. Sled
action in later aircraft;, however, the purpose of this runs wherein this type of seas has been experimen.
report is to point out and record actual and poton. tally ojuctewi hat, suited In the disintegration of the
tial areras where emphasis should be placed to im. seat at speeds it. aa range of 600 knots. Studies of
prove simplicity and efficienicy In Che operation of the physical tolerances of the human being initicate
the aircraft by the pilot. that the presens election seat nusmbly installed in
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Flight Test F-104A aircraft, and contemplated for Right or ground maintenance ctivitiea. The iocro.
the Phase IV and VI aircraft, is not adequate to duction of complete seat cushion survival kit asar.
provide for emergency escape by the pilot through, bliss into the tess pen may eliminatu the need for
out the full performance range. This condition has this After in laser model aircraft. Until that time it
been recognized by the Air Force and the contractor should be made adequate to meet in purpose.
and improved ejection seat assemblies ate ached. The ejection seat is equipped with a lap beat
ulhd for fater production models. Pilots using the tie down scrap installed on the forward pert of the
3-2 type use should be fully appraised of its limi. seast pen. The mechanism for adjustment of this
tations. Introduction of improved emergeacy escape strap is almost Completely inacceuible to the pilot

equipment should be given high priority, once he is postion"d in his seat. The adjustmet
The safey r*an inlled in the initiator be wed device is located below the "D" ring attachoent

the foot guides on the front of the ejection seast fittinlp and also behind the foot guides. Unlese the
provides for a ground safesyins feature. However, pilot is able to make the necessary fitting of this
it has been noted that in other aircraft with pins in strap the lap belt will not provide the expected
this position, the warning streamer frequently falls bodily restraint against accelerative force A poten-
beneath the seas structure which tends to mitigate tl method of simplifying the adjustment of this tie
its warning function and increases the possibility of down strap is noted in the reconsmeadalois..
the safety pin being inadvertently overlooked. This The canopy dSign of this aircraft does not
• as prevented during Phase i1 testing by the addi. incorporate an explosive jettison devitc for smer.
tion of a bungee cord on the loose end to allow the gency ixterlsd removal of the canopy. Provisions
streamer to be looped over the end of the control for externtal rescue entrance is made through a man-
stick. Th:s is a local Luckheed modification; how. ual external canopy release mechanism on the right
ever, it has merit and should be applied to saf.,y side of the fuse•l•e. No provision is made for on.
pin.warning flag assemblies employed in this sir trance on the left of the fuselage. The existing
craft. external ruleau mechanism is identified with letter.

The p-rachuce support filler utilized in the seas In$ indicating its location, and method and direction
pon in rort,•ction with the MC.0 aircraft cushion of operation. These word markings are yellow in
does not appear to be adequate In two areas. Past color and while sufficient to indicate the nature of
experience indicate* that the support ledge will be the control, are not adequate to immediately alert
coo low to effectivuly remove the weighc of the para. resculng personnel to the location of the only avail.
ch-sce from the 6ack and shoulders of the pilot, able external release on the right side.
especially with the 13.5 type clhute. Examination of Pilot's handbooks normally contain a section
the filler item also indicaeus that Ctie plastic matcrial on etmergency procedures which includes such data
rapidly do.gunerate:s under wear encounterW from as the ejection sequence, limiting speed, lap bult
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upaaritionl tames, and general caution dt~aa. The pler. of the hotly. As the contractor hats the tilturnative of
fornaunce of this aircraft soul the limitations on placing this connection onl either slide of the seat
election impowed by the prehsent ejection system ther- seemts to be little arguit'nt for retaining it in
requires that greater detail be doeiloped regarding a position where as it crosses the body it wilt add to
potential flight conditicons of the aircraft wherein the already heavy clutter of straps and hoses on the
ejiection would in all probability bue .xtroeatly hat. pilot. It would seem self evident thnt with the
ardous oir unsuccessful. Graphic dat; should be in- introduction of fittings (or the NIC.4 Partial Pressure
cluded is dhe handbook to illustrate "times to go"* Suit simplicity and titility of plersonal leads wvill he
and altitude factors which will agact a pilot's deci. improved if cotinections rare an the right of the pilot.
sian to abandon the aircraft or remain until a lower
speed is reached. Does should be basud on aircraft Flights during Phase 11 testing were made with

in uconviltt: divs a vaiou angesdra inuc. a modified MC-l pauuial pressure suit. Missions of
ing nconditons. diwesra vsiuaions alet, drovagrindus one hour and fifteen minutes wore completed with
inita conditions. phisdet shouadtin s. bet. frombvaioud an indication that adequate oxygen was available.
wincik altitudes Ths dkata tmshouldahp bel cobned i The oxygen duration chart in the handbook would

Wsh epasrae :eetion times, to bevdteplot aith realiti tend to indicate that sufficient quantities of oxygen
cepadation tms wher emrogenc thepation wit m r heasi will be available, particularly since the addition of
aic radfton wher.m e neme reny sprtonf. h more battles which increases the supply to approxi.

aircaftmay...omenecs~tty.mately 29. cu It of available free gas at sea level
UOxycew E£qaiipreut: The F-lOCiA is presently fitted under standard temperature conditions. However.

with ao M&I type high promote uxygen regulator. expetiriment in altitude chambers using the INC-l
The panel for this imsalletian occupies a relatively type pressure suit indicates that this equipment will
Lrep portion of the right forward Console area. The creates a greatly increased oxygen consumption rate
introduction of liquid oxygen equipment into sub. when compared to that normally experienced with

skairraft aOd the ane Of integrated oxygen standard equipment. For example, at ground level
equipment will reult is the elimination of a need the consumption rate using the MA.2 pressure hei.
fer this regualator. Fusture regulators will he requited met (normally musd with the MNC.( partial presu~re
00 Adeiver 100% oiype. at all tiame go MWe the suit was 114.0 cu ft per hour; at 10.000 ft. 32.0 cu ft
presmote needs of imeprovedl pressure helmets and per hour; at 15.000 ft. 15 cu ft pler hour. As the cabin
as a resoe maway of the features o( the Presen tregu. permsuriatiun schedule indicates cabin altitude will
lamer are so longrt setwsctory. Removal Of this not Otencrally exceed 15.101t ft. under normal condi.
panel and the inaetaduc'tion of a 1.inch periels con. tiaras the oxygen consumption rate will ;%[ways
Waining an oxygen quamity gaup and essetial average greater then IS cu ft per hour, especially

control valves will provide additional console space when oxygen is used at ground level. Thus, even
In this ame. with the addition of high ilressure bottles to increase

Fresen atoygen provisions, as regarding e*mer. the available oxygen to its protent quantity, the
gency oxygen and personal headls. are not compatible period during which ith pilot can anticipate having
with the new concepts of integrating this equipmntn adeqateut oxygen will he greatly reduced when im*.
into the Seat cushion-survival kit assembly. There is proved altitude protectite eajuipmunt is employed.
a requirement to incorporase the oxygen regulator
In"n the 41MC caahion4UrViVal hit AWOMhy. PersonAl Comis~rmi The drag chiste Pelvisw hindle is liwated
leads to the pilot, (oxygen and suit presmure), as on the forward instrumsent pamntel slightly to the
well as communicatioans and face plAte heat should .;Uhcand furward of( the throttle area. Examination
be routeed Into She survival kit and integrated with of this installation indic~ates that there is miarigriAl
personal leads from the partial pressure suit. pre*. elcaranci; (it mAxiastim. of W., inches) hetwoven the
sure helmet, and emergency oxygen cylinder, left vertical console and the hack of the "T. This

It is noted that the lead from the ship's oxygen restricted access to the handle would make it diffi.
supply to the piko~s mask Ik loicated to the left roar cult tu Krure a irims grill tharougha a siilaple straight.
of the pilot. WVhen the pilot emaploys a pressure suit forward graspilag mnotion. particulafly if pressure
with this arrannement the hose must of nectcssity glovvi were iitili.eal. It i,% als) owmtd that itdeatific~a.
crags the bodsy to the niataifold ficting on the right tion of( the drag chutet handle its outlinedl in A KIX:NIl



J401.l h41s ntil beenl fcie as rsegarxis thle n..quirument of the Itatch Jettison Handle located on the right
(ti symbiolic shitjw coiding. This idenstifintion its side of the arniatitent panel.
well as a color contrast between the gxray it( the *Issr,,we:Svraoftelghisru nsre

contol ad th gry bakgruand aneing s nwe cived general criticism as to location and quality
the mana retj irase because -rf hade rloataed alo c.atitr of the information presented to the pilot. A corn.

the nminl gar rleme"T' hanle lcatd adacen mot is also included on one indicatcor which is
to tile tlr-ig chute handle. scheduled for production installation, but which

The pihuc raportedy encountered difficulty when was not utilized in the Phase 11 aircraft.
uitilizing the wheel brakes. The problem is associ. The ME.2 air speed indicator was not felt to be
ated with two different conditions. The simple satisfactory primarily because of the "cluttered"
hydraaulic brakes, installed in the aircraft first of nature of the air speed scales, the change in IAS
all require that the pilot employ a relatively high scale from the outer scale to the inner scale at 200
pedal force to secure the braking action necessary, knots, and the difficulty encountered in securing
This fact in itself will require a period of familiar. simplified check readings of air speed with minor
ization fair pilots whose past experience has been incuements of error. It is noted in the piloWs coam
more closely associated with power type brakes. In menia that during approaches and base legs critical
addition, thle pilot is required to "pump" the brakes speeds are in the scale area where thetv Is a con.
once or twice to secure full braking action and version of scale values making it difficult to "peg;"
equalize braking forces. Wheni such action is neces. a particular value.
sary during a ground roll where directional control The Phase 11 aircraft contained instrumentation
is essential or wheoe immediate braking 6s required which placed the Critica Inlet Temperature gauge
it may' produce potentially hazardous conditions. to tht left of the primary flight group an the For.

Immediately above and forward of the land, ward instrurmet panel. This position was felt to he
ing gear control is a buttonl labeled. "landing Sear advantageous as compared to the scheduled position
down lock override". This switch functions as an on the lower right forward instrument sub'patsel.
emergency oterride to allow the pilot to raise the The function of this gauge is closely associated with
Sear with the weight of the aircraft mtill on the air speed and its location near the primary flight
wheels. The location of the button is appropriate group would appoea to be essential. It is noted that
to its function, however, the miniaturized size of a change in the location of this instrument in pro.
ochurbfromnthedraise poretioofhevral consoen ht ile beetin airbrafit to ase am ore prfuterredalucation h
theu buton nt the rie poretial o itervereethcat winsll dbeen aubircat tod the mnEori pureferredalocationhs
adjacent so it as the pilot attempts activation indi. may be necessary to determine the functional utility

ctsthat minor design changts may be required, of the information presenteod by this in~lsicato, espe.
A Pilot utilizing a pressure glovet would probably cially when a flashing light on the forward instru.find is difficult to positivetly and cleanly activate this mient panel %ign&ls when the temperature limit has

button during the potential emnergency conditions been reached. In the event the pilot does not resquire
when glruund glear retraction would be essential, data which reflects an increase or decrease in actual

Directly under the main instrument panel and inlet temperature and needs only to know that he
an either sidie of the armament panel are located a is operating within limits it may he possible to
total of four manually activateJ controls whose eliminate the instrument and rely only on the
functions are such as so categorize them as emer* "checking" nature of the flashing light signal.
genvy controls. Thesu are: Landing Gear Manual The 2-inch accelerometer onl the lower for-
Ricewao Iliandlu, Rum Air Turbine Exstena~ion Han. ward Aub instrument panel was criticized primarily4 die. Pylo.n Tank Manual jettison Handle, and Tip because of the teadability of she scale and the in.
Tink Jettison Handle. At thet present time the color herens error of the instrument. Past experience in

of thew controls is as standard grity which does not high performance aircraft and Rlights during Phane
providet the iduntificasiun or contrast essential for 11 testing indicated that the accelerometer i's be.
unilgefncy type controls. A standard orange-ycllow coming a prime instrument in many phases of Rlight.
;andl black striping should he uted to more clearly "0" loodinggs during climbs, turns, etc., art. critical
111'iaeli: and identify tile controls. This is also true in many instance.s and a #note refined presentation
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of this type data to the pilot b~econtcs mureu essential. of the signal. Pilot cominwn on the intensity of the
An Improved 3.inch accelerninvter is known to be lighting on this panel Indicates that sonic adjustment
available and watild represent A conlider-1itic I'll may be required to provide for proper signal
provemeint In dlii legibility and instrument error strength during unusual lighting conditions, par.
over the Present cIndic~ator. ticularly during day light operation.

The flip-up stand-~by covipvL4 located to the The "Master Caution" light on the forward
pilit's left, forwardi of the glare shield, was con- instrument panel also presently employs a red mark
sidered slightly beyond reach of the pilot; however. and/or light whereas the nature of the signal ro-
this is not considered critical as it can be reahed quires that an amber color be associated with this
with slight effort or slight release of the shoulder type of Signal. Corrective action will require that
harnsess. It toreprase the only itemi where a~cesuibil. the color of the light or mask be changed to well
ity to the medium sized pilot was marginal, as making possible adjustments in the intensity of

the signal.
The Radio Magnetic Indicator is to be utilised

in the nlight group as a primiary directional reference. The landing gear warning lIMh panel is so
This inatrument has previously been reported as designed that a relatively small green nmak Is
inadequate for aircraft to he utilized under a ground by the pilot when the lights &re activated. Normally,
controlled intercept operation. The indicator pre- a "pinpoint" light requires a greaser intensity to
secession is so arranged that the heading is read provide the same stimulus thst a light with more
from a moving scale against a fixed index at the top area would provide. Under certain lighting condi-
of the instrument; thus check reading of the head. tions the presence of a light with a larger area would
ing a with a moving pointer Indic~su is nor pos. be more discernible and alerting to the pilot.
sible. Turning to a desired new heading with the
R.MI causes the pilot to Amrs decide which direction
be muss turn (often times turns are stmred In the W Ali*te~mi:~,, Circiti breakers on both the loft and
wrong direction because of the ambiguous piott right consoles are diffcult to identify when they
don) sad secondly to Mnonitor the moving Ocake very have "popped". The consoles afe inclined at an angle
closely in order to stop the turss at the proper head. of approximately 300 which places them so that they
ing. Utilising an Instrument which employs a are almost perfectly perpendicular to the pilot's line
moving pointer indicator allows the pilot to merely of sight. As a result the pilot cannot identify a
set his desred heading at the top and fly the pointer popped br#eake except through noting the "dimen-
to a vertical position. Such a capability is a great sional relationship' anmong adjacent circuit breaker
4convenience in consbet/defense operations under heads or through lowering his head and eamulaningoaI operaition since the pilot Is relieved of the taskt the contrat between the console area and circuit
of remembering the directed heading. breaker shafts. This latter idientification is hindered

becute of the lack of contrast between the shaft and
surrounding console ares.

UW'aixeg Lights: The wotd warning panel on the
right vertical console contains individual caution Fret4UuNa&Y &;Iad111ulijAAtin Of the ARC.341 VHF
indicators which are activated whenever a particular radio is noted on the radio control panel on the
condition is to be called to the attention of the pilot, left console. In the past this arrangement his been
Signals provided by these indicators are more reptt. unsatisfactory as pilots cannot read the frequencies
santative of actions which do not necessaisrly require assigned. especially under night lighting conditions.
immediate action by the pilot. Ar the present time The wording and numbers identifying; each channe~l
the mask and/or light for this panel is rod in color are generally quite illegible except at close range
which is a color more generally reserved for signals and under ideal lighting. To correct this, channel
more critical in degree of significance. The word frequencies were type oni a card which was placed
warning panel color should therefore be correctcd in thu inapup compass correctio.n card hojlder in thu
Wo reflix A syiar' accurate Indication of the nature Plhaw 11 aircraft. In prv'ducaiua mrodeli a similar



index card holder should be provided for radio a ViJibil7is: External visibility would appear to be
channelization where it will be readily accessible comparable to or exceed other fighter type aircraft.
to the pilot for case of reference. With minor head movement the pilot can secure

Switch guards on the Stability Augmentation 360 degree visibility in the horizontal plane. Over.

Control panel wers identified with word markings head visibility is also good with the exception of
Condicatroi~ng lwere identifed w it h e 11 interference from a canopy structure behind theindicating shear appropriate function an th Phlagihed Forward over the nose visibility exceeds she
aircraft. It was nosed that subsequent models did ot h establishod minimums and is approximately 12 de.

have this feature. Although lighting on the panels eetabloshe horim ontal ppaexidelvisiilit

may provide sufcient data for generalized location Srs below the horizontal plane. Side visibility

of switches during night Rights. additional word approximates 34 degrees over the side from a normal
identificationhesdu int n the swthu cov. provides head position and more if the heed is moved toidentificason etched into she switch coe Frvd either s~de.

the pilot with an additional assurance that he is

selecting the proper equipment during normal d-y Internal visibility of instrument and controllight operations. The three switch guards on she Itra aaaayo ntunn n ototability augmentation pnel, the s neratwitch panels is aided by the simplified nature of the cock.guardsty augmendatioe f anelective etison switch pit, however, the cockpit has not been extensivelySsuards, and the fuel um selective jettison switch nevluated vnder night flight conditions And withm all considered as requiring this type of lettered the type of lighting fixtures installed there are oc-Identification on the switch guard proper. cauonal dark spot, etc., which should be eliminated.

Examinatiom of the cockpit area indicates that
the pilot lacks an appropriate space so stnoe maps a Veusulsio, Air Coodilieshvg, asd Presumrizaioa:
or reference data de"red during ights. All material The introduction of pe-sonal equipment to the body
will therefore have o be retained on his person, of she pilot sad the tactical requirement fo crash or
The addition of the pressure suit may preclude ejection protection may require that the pilot use the
attaching these materials to the normal lying suit, ventilating garment of the MD-I anti-xpobure suit.
therefore, loose material will probably be scattered Use of this Sear will require that a source of vensi.
about the cockpit. A portion of the console are fting sir be provided either from the air condition.
should be modified to allow map and data storage. sag syste o r from t hi so r Untisc'as system or from a sepecatc air source. Until such

The radar control panel was not installed in time as this requirement does nor exist a provision
the Phase II aircraft. ExaminAtion of a second ten should be made to provide the necessary air supply.
vehicle irtdicated a need for more appropriate iden. In the event it is not considered feasible to equip the
cification of the Marer Switch.Scope Intensity and aircraft with a permanent source of ventilating air
Receiver frequency Control-Receiver Gain control the necessry structure and wiring should be in.
swi:tchcs. Each pait Qr ,Witua ute lca-ted on a cluded to allow cosy installation of a separate blower.
common switch axis with a design which has one
function slightly stepped above the other. The At the present time ground cooling of the
switche are shape coded so aid in identification cockpit is accomplished through opening the pilot's
and proper selection of the desired function, how. Ram Air Scoop. The system operates so that to
ever, the lack of contrast between the switches a•d secure the necessary engine cooling during ground
the radar panel proper makes it very diflicult to operations it is impossible to use the air conditioning
distinguish the controls. If the important switches system for cockpit ventilation and cooling. This
are pointed light colors they will stand out so that particular condition should be studied and corrective
they can be easily located and identified us to distinct action taken to allow pilot use of the air condition.
function. ins system at all phases of ground or Right operation.
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE MATERIEL COMMAND

WRIGHT-PATTERSON AIR FORCE BASE, OHIO

MAY 2 3 2000

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

FROM: HQ AFMC/SCDP
4225 Logistics Avenue, Room Al 12
Wright-Patterson AFB OH 45433-5744

SUBJECT: Change in Distribution Statement for AFMC Documents

1. Distribution statements on several documents were officially changed to Distribution
Statement A in accordance with AFI 61-204, 27 Jul 94, Disseminating Scientific and
Technical Information. The documents (excluding those marked out in Atch 3) are
owned by AFMC and were reviewed by the HQ AFMC History Office and HQ AFMC
Public Affairs Office. The documents cleared for public release are listed on three
attachments.

2. Please direct further questions to Ms. Lezora Nobles, AFMC STINFO Assistant,
HQ AFMC/SCDP, DSN 787-8583.

PATRICIA T. McWILLIAMS
AFMC STINFO Program Manager
Directorate of Communications and Information

Attachments:
1. AFDTC/PA Memo, 11 Jan 95
2. HQ AFMC/PAX 1st Ind, 4 May 00
3. HQ AFMC/PAX Memo, 5 May 00



2. Attachments a through c are part of an internal AFMC/HO review; attachments d and
e are requested by Mr. Morris Betry, a private researcher; attachments f through h are
requested by Ms. Pat McWilliams (AFMC/SCDP); and attachment i is requested by Mr.
Gregory Hughes (ASC/ENFD).

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be
reached at extension 77476.

d Historian

Attachments:
a. AFS Ne. 150. 174
b. Afst NO. 4oo.49.
c. DTIC No. AD-098 048
d. DTIC No. AD-376 934
e. DTIC No. AD-895 879
f. DTIC No. AD-094 838
g. DTIC No. AD-068 388

- h. DTIC No. AD-046 931
"i. AF-Li No. R1-2•--2

1st Ind, HQ AFMC/PAX 4 May 2000

This material has been reviewed for security and policy lAW AFI
35-101. It is cleared for public release.

/ ) JAMES A- MORROW

Security and Policy Review
Office of Public Affairs

Sr i ic


